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cohabitating fish. Past studies using rainbow trout in cohabitation challenges have used a range of 103 ratios of infected to cohabitants, from 1:5 [14] to 3:1 [17] according to the pathogen used and the 104 purpose of the study (e.g. testing vaccine efficacy). In this study, since the purpose was to evaluate 105 and compare the immune response observed in both cohabitant and injected groups, a ratio of 1:1 106 was used. Fish were checked several times a day post-challenge and removed from tanks when at 107 least two signs of the disease were observed to avoid any unnecessary suffering, and were 108 humanely euthanized (Schedule 1 killing method) when appropriate. External symptoms included 109 haemorrhages in the oral cavity, reddening at the base of the fins, abnormal swimming behaviour 110 and dark coloration as reported by Kumar et al [3] .
111

Individual monitoring through non-lethal sampling
112
Thirty fish from each group (shedders and cohabitants) were anaesthetised with MS222 (0.08 g/L,
113
Sigma-Aldrich, U.K.) and identified with a PIT-tag reader (Biomark, Europe). The sampling 114 method followed a similar procedure to that reported recently [15] . In detail, 150 µL of blood
115
(<1% blood volume) was collected from the caudal vein immediately before the infection with 116 bacteria was undertaken, corresponding to the uninfected day 0 (D0) sampling point. This 117 provided a control for each individual fish that would not be possible with lethal sampling. Blood 118 was also collected 3 days after infection (D3) and at a terminal point (between days 4 and 7), when 119 fish died or were euthanized after showing at least two external signs of disease. After sampling, 120 blood was immediately transferred into heparinised vaccutainers (Midmeds Ltd, U.K.) and kept on 121 ice until RNA extraction was undertaken. Fish were monitored closely after sampling until they 122 were fully recovered from the anaesthesia.
123
Verification of the cause of death
124
Fish started to show symptoms of the disease from day 3 after infection, and all fish died or were 125 euthanized within 7 days post-infection. To confirm cause of death/morbidity swabs were taken 126 from the kidney of a proportion of the fish and plated onto tryptic soy agar plates, and incubated 127 for 48h at 22 ºC. Colony PCR was performed using species specific primers for the Y. ruckeri 16s M A N U S C R I P T
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RNA (Table 1 ) and the products visualised after electrophoresis in an agarose gel containing 129 ethidium bromide. DNA was extracted from head kidney samples using a DNA extraction kit 130 (Qiagen, U.K.), performed using the manufacturer's instructions. The head kidney bacterial 131 burden of all samples was assessed by real-time PCR using Y. ruckeri 16s RNA specific primers,
132
with the data normalised to the expression of the host MCSF1 gene as described by Harun et al 133 [18] and Gibello et al [19] ( Table 1) . Due to the occurrence of high mortalities observed from day 134 3 and to the inability of obtaining a fresh blood sample from all fish after this time point, only 22 135 fish were successfully bled on three occasions per treatment group and used for real-time PCR 136 analysis.
137
RNA extraction and cDNA synthesis
138
RNA from blood samples was extracted using an adapted method from that given in the RNeasy cathelicidins (Cath)-1 and Cath-2 were also analysed in this study. The bacterial load in blood was 168 also evaluated by real-time PCR, which has been reported to allow a successful detection of Y.
169
ruckeri in blood samples [9, 21] . Sequences of primers used are listed in Table 1 . 170 
Statistical analysis
171
The expression data was analysed statistically using a general linear model (GLM) for repeated 172 measures test to determine the overall time effect of infection and to evaluate the interaction 173 between delivery routes. Data were Log2 transformed in order to meet the GLM assumptions of 174 homogeneity, sphericity and independency. Statistical significance was taken as a P value of 175 <0.05. Additionally, a paired T-test was used to test for significant differences between the 176 bacterial load in cohabitation and i.p. injection infected groups, where a P < 0.05 indicated 177 significant differences between the two groups (n=22). In addition to analysing gene changes during infection, a correlation analysis of expressed genes in infected fish was undertaken to M A N U S C R I P T A C C E P T E D 
Results
188
In this study a non-lethal sampling method was used to compare two distinct routes of infection 1β1, a potent pro-inflammatory cytokine, using a repeated measures test indicated that its 225 expression was significantly affected over time (P < 0.01, F = 13.1) ( Figure 4A , Table 2 ). We 226 also observed that there was a significant interaction between time and infection route (P < 0.01, F Table 2 ). These findings suggest that the route of infection did not affect 249 the expression of these cytokines of adaptive immunity.
250
In addition to the analysed cytokines, several antimicrobial peptides (β-defensins and 251 cathelicidins) were also investigated, due to their important role in mucosal immunity against 252 bacterial pathogens. Regarding the effect of the challenge on the β-defensins (BD-3 and BD-4), a 253 similar pattern was observed whereby there was a significant effect (P < 0.01, F = 21.2 and P < 
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Another antimicrobial peptide family, the cathelicidins (Cath-1 and Cath-2), was analysed and 257 both genes studied revealed a similar effect ( Figures 4C, Table 2 ). However, interestingly, a 258 significant difference (P < 0.01) between the two infected groups was found, with a higher Figures 5G and 6G ). In the case of the cathelicidins Cath-1 and Cath-2, a significant correlation 276 between the i.p. group and pathogen load was also found but again was not observed in the In the present study mortalities resulting from the disease were first recorded in the 290 intraperitoneally (i.p.) injected group at day 3, and started one day later in the cohabitation group.
291
This is in agreement with previous studies where rainbow trout infected by injection or bath 292 showed the first mortalities from day 3 [4, 9, 18] . That the mortalities in the cohabitation group 293 began from day 4 may be due to the high ratio (infected vs non-infected) used in this study. In results showed that both β-defensins studied (BD-3 and BD-4) had a similar pattern of expression,
358
being induced in both infection models. Since it is expected that infection by cohabitation will M A N U S C R I P T cohabitation models likely reflect a more natural infection route. However, to provide a more M A N U S C R I P T
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comprehensive study, future work should also include infection by immersion, which would 386 highlight any potential differences/similarities between two less-invasive infection models.
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The authors declare that they have no competing interests. the injection (i.p.) and cohabitation groups, respectively. Cath-2 was selected to be presented 521 graphically over Cath-1 because it showed a stronger interaction between the routes of infection.
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